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modes included in the first prediction mode set and the
CCLM i1ntra prediction mode.
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[FIG. 3]
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[FIG. 5]
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[FIG. 6]
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[FIG. 10]
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[FIG. 11]
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[FIG. 12]
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[FIG. 14]
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[FIG. 16]
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[FIG. 18]
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[FIG. 20]
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[FIG. 22]
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[FIG. 25]
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[FIG. 28]
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PARALLEL PROCESSING METHOD FOR
COLOR COMPONENT OF VIDEO SIGNAL,
AND DEVICE THEREFOR

Cross-Reference To Related Applications

This application 1s the National Stage filing under 335
U.S.C. 371 of International Application No. PCT/KR2019/

003802, filed on Apr. 1, 2019, which claims the benefit of
U.S. Provisional Application No. 62/651,224, filed on Apr.

1, 2018, the contents of which are all hereby incorporated by
reference herein in their entirety.

TECHNICAL FIELD

The present disclosure relates to a method for processing,
still images and video and, more particularly, to a method for
parallel processing of color components of a video signal
and an apparatus therefor.

BACKGROUND ART

Compression encoding means a series of signal process-
ing techniques for transmitting digitized information
through a communication line or techniques for storing
information 1n a form suitable for a storage medium. The
medium 1ncluding a picture, an 1mage, audio, etc. may be a
target for compression encoding, and particularly, a tech-
nique for performing compression encoding on a picture 1s
referred to as video 1mage compression.

Next-generation video contents are supposed to have the
characteristics of high spatial resolution, a high frame rate
and high dimensionality of scene representation. In order to
process such contents, a drastic increase in the memory
storage, memory access rate and processing power will
result.

Accordingly, 1t 1s required to design a coding tool for
processing next-generation video contents efliciently.

DISCLOSURE

Technical Problem

One aspect of the present disclosure 1s to propose a
method for performing coding on each component for
parallel processing of color components (1.e., chroma com-
ponents).

Another aspect of the present disclosure 1s to propose an
indicator syntax for parallel processing of color components
(1.e., chroma components).

Another aspect of the present disclosure 1s to propose an
entropy mitialization method for components.

Another aspect of the present disclosure 1s to propose a
component data extraction process and collection process.

Another aspect of the present disclosure 1s to propose a
constrained reference level and parallel decoding method for
components.

Technical objects to be achieved by the present disclosure
are not limited to the alorementioned technical objects, and
other technical objects not described above may be evidently
understood by a person having ordinary skill in the art to
which the present disclosure pertains from the following
description.

Technical Solution

An embodiment of the present disclosure provides a
method for decoding images based on an intra prediction
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2

mode, the method comprising: parsing a syntax element
indicating whether a CCLM (cross-component linear model)
intra prediction on a current chroma block 1s disabled or not;
deriving an intra prediction mode applied to the current
chroma block; and generating a prediction sample for the
current chroma block based on the intra prediction mode,
wherein, when the CCLM intra prediction 1s disabled, the
intra prediction mode 1s dertved 1 a predetermined first
prediction mode set, when the CCLM 1ntra prediction 1s not
disabled, the intra prediction mode 1s derived in a predeter-
mined second prediction mode set, and the second predic-
tion mode set includes 1ntra prediction modes included in the
first prediction mode set and the CCLM intra prediction
mode.

Preferably, when the intra prediction mode 1s the CCLM
intra prediction mode, the generating of a prediction sample
may comprise: deriving a parameter used for the CCLM
intra prediction by using a neighboring sample of a luma
block corresponding to the current chroma block and a
neighboring sample of the current chroma block; and gen-
erating a prediction sample for the current chroma block by
using the parameter and a reconstructed sample of the luma
block.

Preferably, the syntax element indicating whether the
intra prediction 1s disabled or not may be transmitted from
an encoder 1n a unit of a picture, a slice, a tile, or a tile group.

Preferably, when the CCLM i1ntra prediction 1s disabled,
the current chroma block may be decoded with reference to
data of a previously parsed luma block.

Preferably, when the CCLM i1ntra prediction 1s disabled,
the current chroma block may be decoded with reference to
a residual signal of a previously parsed luma block and an
intra prediction mode for the previously parsed luma block.

Another embodiment of the present disclosure provides
an apparatus for decoding images based on an intra predic-
tion mode, the method comprising: a syntax element parser
for parsing a syntax element indicating whether a CCLM
(cross-component linear model) intra prediction on a current
chroma block 1s disabled or not; an intra prediction mode
deriver for deriving an intra prediction mode applied to the
current chroma block; and a prediction sample generator for
generating a prediction sample for the current chroma block
based on the intra prediction mode, wherein, when the
CCLM intra prediction 1s disabled, the intra prediction mode
1s derived 1n a predetermined first prediction mode set, when
the CCLM 1ntra prediction 1s not disabled, the intra predic-
tion mode 1s derived 1n a predetermined second prediction
mode set, and the second prediction mode set includes intra
prediction modes ncluded 1n the first prediction mode set
and the CCLM intra prediction mode.

Preferably, when the intra prediction mode 1s the CCLM
intra prediction mode, the prediction sample generator may
derive a parameter used for the CCLM intra prediction by
using a neighboring sample of a luma block corresponding
to the current chroma block and a neighboring sample of the
current chroma block, and generates a prediction sample for
the current chroma block by using the parameter and a
reconstructed sample of the luma block.

Preferably, the syntax element indicating whether the
intra prediction 1s disabled or not may be transmitted from
an encoder 1n a unit of a picture, a slice, a tile, or a tile group.

Preferably, when the CCLM i1ntra prediction 1s disabled,
the current chroma block may be decoded with reference to
data of a previously parsed luma block.

Preferably, when the CCLM i1ntra prediction 1s disabled,
the current chroma block 1s decoded with reference to a
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residual signal of a previously parsed luma block and an
intra prediction mode for the previously parsed luma block.

Advantageous Effects

In accordance with an embodiment of the present disclo-
sure, entry to data of each component 1n a bitstream can be
achieved, and parallel processing of each component can be
ensured. That 1s, parallel performance can be enhanced
through entry point signaling.

Effects which may be obtained by the present disclosure
are not limited to the aforementioned eflects, and other
technical eflects not described above may be evidently
understood by a person having ordinary skill in the art to
which the present disclosure pertains from the following
description.

DESCRIPTION OF DRAWINGS

The accompany drawings, which are included to provide
a further understanding of the present disclosure and are
incorporated on and constitute a part of this specification
illustrate embodiments of the present disclosure and together
with the description serve to explain the principles of the
present disclosure.

FIG. 1 1s a schematic block diagram of an encoding
apparatus which encodes a video/image signal as an embodi-
ment to which the present disclosure 1s applied.

FIG. 2 1s a schematic block diagram of a decoding
apparatus for decoding a video/image signal as an embodi-
ment to which the disclosure 1s applied.

FI1G. 3 1s a diagram 1llustrating an example of a multi-type
tree structure as an embodiment to which the present dis-
closure may be applied.

FI1G. 4 1s a diagram 1llustrating a signaling mechanism of
partition split information of a quadtree with nested multi-
type tree structure as an embodiment to which the present
disclosure may be applied.

FIG. 5 1s a diagram 1llustrating a method of partitioming,
a CTU into multiple CUs based on a quadtree and nested
multi-type tree structure as an embodiment to which the
present disclosure may be applied.

FIG. 6 1s a diagram 1illustrating a method for limiting a
ternary-tree split as an embodiment to which the present
disclosure may be applied.

FIG. 7 1s a diagram 1illustrating redundant split patterns
that may be generated in binary-tree split and ternary-tree

split as an embodiment to which the present disclosure may
be applied.

FIG. 8 and FIG. 9 are diagrams illustrating an intra
prediction-based video/image encoding method according to
an embodiment of the present disclosure and an intra pre-
dictor within an encoding apparatus according to an embodi-
ment of the present disclosure.

FIG. 10 and FIG. 11 are diagrams 1illustrating an intra
prediction-based video/image decoding method according to
an embodiment of the present disclosure and an intra pre-
dictor within a decoding apparatus according to an embodi-
ment of the present disclosure.

FIG. 12 and FIG. 13 are diagrams illustrating prediction
directions of intra prediction modes according to an embodi-
ment to which the present disclosure may be applied.

FIG. 14 1s a diagram 1illustrating the position of a luma
block for using an intra prediction mode according to an
embodiment to which the present disclosure may be applied.
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FIG. 15 1s a diagram for explaining a CCLM (cross-
component linear model) mode according to an embodiment

to which the present disclosure may be applied.

FIG. 16 and FIG. 17 are diagrams 1llustrating a compo-
sition of bitstream data according to an embodiment to
which the present disclosure may be applied.

FIG. 18 and FIG. 19 are diagrams illustrating a compo-
sition of bitstream data and entry points of each component
according to an embodiment to which the present disclosure
may be applied.

FIG. 20 and FIG. 21 are diagrams illustrating a method of
CABAC (Context-adaptive binary arithmetic coding) ini-
tialization by setting CABAC initialization points according
to an embodiment to which the present disclosure may be
applied.

FIG. 22 and FIG. 23 are diagrams 1llustrating a compo-
nent data collection method and a CABAC (Context-adap-
tive binary arithmetic coding) imtialization point setting
method according to an embodiment to which the present
disclosure may be applied.

FIG. 24 1s a diagram for explaining a method for con-
straining cross-component referencing according to an
embodiment to which the present disclosure may be applied.

FIG. 25 1s a flowchart illustrating a method for generating,
an intra prediction block according to an embodiment to
which the present disclosure may be applied.

FIG. 26 1s a diagram illustrating an intra prediction
apparatus according to an embodiment to which the present
disclosure may be applied.

FIG. 27 illustrates a video coding system to which the
present disclosure 1s applied.

FIG. 28 1s a configuration diagram of a content streaming,
system as an embodiment to which the present disclosure 1s
applied.

MODE FOR DISCLOSUR.

(Ll

Some embodiments of the present disclosure are
described 1n detail with reference to the accompanying
drawings. A detailed description to be disclosed along with
the accompanying drawings are intended to describe some
embodiments of the present disclosure and are not intended
to describe a sole embodiment of the present disclosure. The
following detailed description includes more details 1n order
to provide full understanding of the present disclosure.
However, those skilled in the art will understand that the
present disclosure may be implemented without such more
details.

In some cases, 1n order to avoid that the concept of the
present disclosure becomes vague, known structures and
devices are omitted or may be shown in a block diagram
form based on the core functions of each structure and
device.

Although most terms used 1n the present disclosure have
been selected from general ones widely used 1n the art, some
terms have been arbitranily selected by the applicant and
their meanings are explained 1n detaill in the following
description as needed. Thus, the present disclosure should be
understood with the intended meamings of the terms rather
than their simple names or meanings.

Specific terms used in the following description have been
provided to help understanding of the present disclosure,
and the use of such specific terms may be changed 1n various
forms without departing from the techmical sprit of the
present disclosure. For example, signals, data, samples,
pictures, frames, blocks and the like may be appropnately
replaced and interpreted in each coding process.
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In the present description, a “processing unit” refers to a
unit in which an encoding/decoding process such as predic-
tion, transform and/or quantization 1s performed. Hereinai-
ter, for convenience of description, the processing unit may
be referred to as a ‘processing block” or a ‘block’.

Further, the processing unit may be mterpreted into the
meaning including a unit for a luma component and a unit
for a chroma component. For example, the processing unit
may correspond to a coding tree unit (CTU), a coding unit
(CU), a prediction unit (PU) or a transform unit (TU).

In addition, the processing unit may be interpreted into a
unit for a luma component or a unit for a chroma component.
For example, the processing unit may correspond to a coding
tree block (CTB), a coding block (CB), a prediction unit PU
or a transform block (IB) for the luma component. Further,
the processing unit may correspond to a CTB, a CB, a PU
or a TB for the chroma component. Moreover, the process-
ing unit 1s not limited thereto and may be interpreted into the
meaning including a umt for the luma component and a unit
for the chroma component.

In addition, the processing unit 1s not necessarily limited
to a square block and may be configured as a polygonal
shape having three or more vertexes.

Furthermore, 1n the present description, a pixel 1s called a
sample. In addition, using a sample may mean using a pixel
value or the like.

FIG. 1 1s a schematic block diagram of an encoding
apparatus which encodes a video/image signal as an embodi-
ment to which the present disclosure 1s applied.

Referring to FIG. 1, an encoding apparatus 100 may be
configured to include an 1image divider 110, a subtractor 115,
a transiformer 120, a quantizer 130, a dequantizer 140, an
inverse transformer 150, an adder 155, a filter 160, a
memory 170, an inter predictor 180, an intra predictor 185
and an entropy encoder 190. The inter predictor 180 and the
intra predictor 185 may be commonly called a predictor. In
other words, the predictor may include the inter predictor
180 and the intra predictor 185. The transformer 120, the
quantizer 130, the dequantizer 140, and the inverse trans-
former 150 may be included 1n a residual processor. The
residual processor may further include the subtractor 115. In
one embodiment, the 1mage divider 110, the subtractor 115,
the transformer 120, the quantizer 130, the dequantizer 140,
the inverse transtformer 150, the adder 155, the filter 160, the
inter predictor 180, the intra predictor 185 and the entropy
encoder 190 may be configured as one hardware component
(e.g., an encoder or a processor). Furthermore, the memory
170 may include a decoded picture buller (DPB), and may
be implemented by a digital storage medium.

The image divider 110 may divide an imput image (or
picture or frame), mput to the encoding apparatus 100, into
one or more processing units. For example, the processing
unit may be called a coding unit (CU). In this case, the
coding unit may be recursively split from a coding tree unit
(CTU) or the largest coding umit (LCU) based on a quadtree
binary-tree (QTBT) structure. For example, one coding unit
may be split into a plurality of coding units of a deeper depth
based on a quadtree structure and/or a binary-tree structure.
In this case, for example, the quadtree structure may be first
applied, and the binary-tree structure may be then applied.
Alternatively the binary-tree structure may be first applied.
A coding procedure according to the disclosure may be
performed based on the final coding unit that 1s no longer
split. In this case, the largest coding unit may be directly
used as the final coding unit based on coding efliciency
according to an 1image characteristic or a coding unit may be
recursively split into coding units of a deeper depth, if
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necessary. Accordingly, a coding unit having an optimal size
may be used as the final coding unit. In this case, the coding
procedure may include a procedure, such as a prediction,
transiorm or reconstruction to be described later. For another
example, the processing umit may further include a predic-
tion unit (PU) or a transform unit (TU). In this case, each of
the prediction unit and the transform unit may be divided or
partitioned from each final coding unit. The prediction unit
may be a unit for sample prediction, and the transform unit
may be a unit from which a transform coeflicient 1s dertved
and/or a unit in which a residual signal 1s derived from a
transform coetlicient.

A unit may be interchangeably used with a block or an
area according to circumstances. In a common case, an MxIN
block may indicate a set of samples configured with M
columns and N rows or a set of transform coetlicients. In
general, a sample may 1ndicate a pixel or a value of a pixel,
and may indicate only a pixel/pixel value of a luma com-
ponent or only a pixel/pixel value of a chroma component.
In a sample, one picture (or 1mage) may be used as a term
corresponding to a pixel or pel.

The encoding apparatus 100 may generate a residual
signal (residual block or residual sample array) by subtract-
ing a prediction signal (predicted block or prediction sample
array ), output by the inter predictor 180 or the 1ntra predictor
185, from an mput 1mage signal (original block or original
sample array). The generated residual signal 1s transmitted to
the transformer 120. In this case, as illustrated, a unit 1n
which the prediction signal (prediction block or prediction
sample array) 1s subtracted from the mnput image signal
(original block or original sample array) within the encoding
apparatus 100 may be called the subtractor 115. The pre-
dictor may perform prediction on a processing target block
(heremafiter referred to as a current block), and may generate
a predicted block including prediction samples for the
current block. The predictor may determine whether an 1ntra
prediction 1s applied or inter prediction 1s applied 1 a
current block or a CU unit. The predictor may generate
various pieces ol information on a prediction, such as
prediction mode information as will be described later 1n the
description of each prediction mode, and may transmit the
information to the entropy encoder 190. The information on
prediction may be encoded in the entropy encoder 190 and
may be output 1n a bitstream form.

The 1ntra predictor 185 may predict a current block with
reference to samples within a current picture. The referred
samples may be located to neighbor the current block or may
be spaced from the current block depending on a prediction
mode. In an intra prediction, prediction modes may include
a plurality of non-angular modes and a plurality of angular
modes. The non-angular mode may include a DC mode and
a planar mode, for example. The angular mode may include
33 angular prediction modes or 65 angular prediction
modes, for example, depending on a fine degree of a
prediction direction. In this case, angular prediction modes
that are more or less than the 33 angular prediction modes
or 65 angular prediction modes may be used depending on
a configuration, for example. The intra predictor 185 may
determine a prediction mode applied to a current block using
the prediction mode applied to a neighboring block.

The mter predictor 180 may derive a predicted block for
a current block based on a reference block (reference sample
array) specified by a motion vector on a reference picture. In
this case, 1n order to reduce the amount of motion informa-
tion transmitted 1n an inter prediction mode, motion 1nfor-
mation may be predicted as a block, a sub-block or a sample
unit based on the correlation of motion mnformation between
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a neighboring block and the current block. The motion
information may include a motion vector and a reference
picture index. The motion information may further include
inter prediction direction (IO prediction, L1 prediction, Bi
prediction) information. In the case of inter prediction, a
neighboring block may include a spatial neighboring block
within a current picture and a temporal neighboring block
within a reference picture. A reference picture including a
reference block and a reference picture including a temporal
neighboring block may be the same or different. The tem-
poral neighboring block may be referred to as a name called
a co-located reference block or a co-located CU (colCU). A
reference picture icluding a temporal neighboring block
may be referred to as a co-located picture (colPic). For
example, the mter predictor 180 may construct a motion
information candidate list based on neighboring blocks, and
may generate mformation mdicating that which candidate 1s
used to derive a motion vector and/or reference picture index
of a current block. An inter prediction may be performed
based on various prediction modes. For example, 1n the case
of a skip mode and a merge mode, the inter predictor 180
may use motion information of a neighboring block as
motion information of a current block. In the case of the skip
mode, unlike the merge mode, a residual signal may not be
transmitted. In the case of a motion vector prediction (MVP)
mode, a motion vector of a neighboring block may be used
as a motion vector predictor. A motion vector of a current
block may be indicated by signaling a motion vector difler-
ence.

A prediction signal generated through the inter predictor
180 or the intra predictor 185 may be used to generate a
reconstructed signal or a residual signal.

The transformer 120 may generate transform coeflicients
by applying a transform scheme to a residual signal. For
example, the transiform scheme may include at least one of
a discrete cosine transtorm (DCT), a discrete sine transform
(DST), a Karhunen-Loeve transform (KLT), a graph-based
transform (GBT), or a conditionally non-linear transform
(CNT). In this case, the GBT means a transform obtained
from a graph if relation information between pixels 1s
represented as the graph. The CNT means a transform
obtained based on a prediction signal generated u sing all of
previously reconstructed pixels. Furthermore, a transform
process may be applied to pixel blocks having the same size
of a square form or may be applied to blocks having variable
s1zes not a square form.

The quantizer 130 may quantize transform coeflicients
and transmit them to the entropy encoder 190. The entropy
encoder 190 may encode a quantized signal (information on
quantized transiorm coeflicients) and output 1t in a bitstream
form. The mformation on quantized transform coeflicients
may be called residual information. The quantlzer 130 may
re-arrange the quantized transform coeflicients of a block
form 1n one-dimensional vector form based on a coethlicient
scan sequence, and may generate information on the quan-
tized transform coeflicients based on the quantized trans-
form coellicients of the one-dimensional vector form. The
entropy encoder 190 may perform various encoding meth-
ods, such as exponential Golomb, context-adaptive variable
length coding (CAVLC), and context-adaptive binary arith-
metic coding (CABAC). The entropy encoder 190 may
encode information (e.g., values of syntax elements) neces-
sary for video/image reconstruction 1n addition to the quan-
tized transform coeilicients together or separately. The
encoded information (e.g., encoded video/image informa-
tion) may be transmitted or stored 1n a network abstraction
layer (NAL) unit unit in the form of a bitstream. The

10

15

20

25

30

35

40

45

50

55

60

65

8

bitstream may be transmitted over a network or may be
stored 1n a digital storage medium. In this case, the network
may include a broadcast network and/or a commumnication
network. The digital storage medium may include various
storage media, such as a USB, an SD, a CD, a DVD,
Blueray, an HDD, and an SSD. A transmitter (not illustrated)
that transmits a signal output by the entropy encoder 190
and/or a storage (not 1illustrated) for storing the signal may
be configured as an internal/external element of the encod-
ing apparatus 100, or the transmitter may be an element of
the entropy encoder 190.

Quantized transform coeflicients output by the quantizer
130 may be used to generate a prediction signal. For
example, a residual signal may be reconstructed by applying
de-quantization and an nverse transform to the quantized
transform coeflicients through the dequantizer 140 and the
inverse transformer 150 within a loop. The adder 155 may
add the reconstructed residual signal to a prediction signal
output by the inter predictor 180 or the intra predictor 185,
so a reconstructed signal (reconstructed picture, recon-
structed block or reconstructed sample array) may be gen-
erated. A predicted block may be used as a reconstructed
block 1f there 1s no residual for a processing target block as
in the case where a skip mode has been applied. The adder
155 may be called a reconstructor or a reconstruction block
generator. The generated reconstructed signal may be used
for the intra prediction of a next processing target block
within a current picture, and may be used for the inter
prediction of a next picture through filtering as will be
described later.

The filter 160 can 1mprove subjective/objective picture
quality by applying filtering to a reconstructed signal. For
example, the filter 160 may generate a modified recon-
structed picture by applying various filtering methods to the
reconstructed picture. The modified reconstructed picture
may be stored 1n the memory 170, more particularly in the
DPB of the memory 170. The various filtering methods may
include deblocking filtering, a sample adaptive oflset, an
adaptive loop filter, and a bilateral filter, for example. The
filter 160 may generate various pieces ol information for
filtering as will be described later in the description of each
filtering method, and may transmit them to the entropy
encoder 190. The filtering information may be encoded by
the entropy encoder 190 and output in a bitstream form.

The modified reconstructed picture transmitted to the
memory 170 may be used as a reference picture in the inter
predictor 180. The encoding apparatus can avoid a predic-
tion mismatch 1n the encoding apparatus 100 and a decoding
apparatus and 1mprove encoding efliciency 1if inter predic-
tion 1s applied.

The DPB of the memory 170 may store the modified
reconstructed picture to use 1t as a reference picture 1n the
inter predictor 180. The memory 170 may store motion
information of a block 1n which the motion information 1n
the current picture 1s derived (or encoded) and/or motion
information of blocks 1n an already reconstructed picture.
The stored motion information may be forwarded to the inter
predictor 180 to be utilized as motion information of a
spatial neighboring block or motion information of a tem-
poral neighboring block. The memory 170 may store recon-
structed samples of the reconstructed blocks 1n the current
picture and forward it to the intra predictor 185.

FIG. 2 1s an embodiment to which the disclosure 1s
applied, and 1s a schematic block diagram of a decoding
apparatus for decoding a video/image signal.

Referring to FIG. 2, the decoding apparatus 200 may be
configured to include an entropy decoder 210, a dequantizer
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220, an 1inverse transformer 230, an adder 235, a filter 240,
a memory 250, an inter predictor 260 and an intra predictor
265. The inter predictor 260 and the intra predictor 265 may
be collectively called a predictor. That 1s, the predictor may
include the inter predictor 180 and the intra predictor 185.
The dequantizer 220 and the inverse transformer 230 may be
collectively called as residual processor. That 1s, the residual
processor may include the dequantizer 220 and the inverse
transformer 230. The entropy decoder 210, the dequantizer
220, the inverse transformer 230, the adder 235, the filter
240, the ter predictor 260 and the intra predictor 265 may
be configured as one hardware component (e.g., the decoder
or the processor) according to an embodiment. Furthermore,
the memory 250 may include a decoded picture bufler
(DPB), and may be implemented by a digital storage
medium.

When a bitstream including video/image information 1s
input, the decoding apparatus 200 may reconstruct an image
in accordance with a process of processing video/image
information 1 the encoding apparatus of FIG. 1. For
example, the decoding apparatus 200 may perform decoding
using a processing unit applied 1n the encoding apparatus.
Accordingly, a processing unit for decoding may be a coding,
unit, for example. The coding unit may be split from a
coding tree unit or the largest coding unit depending on a
quadtree structure and/or a binary-tree structure. Further-
more, a reconstructed image signal decoded and output
through the decoding apparatus 200 may be played back
through a playback device.

The decoding apparatus 200 may receive a signal, output
by the encoding apparatus of FIG. 1, in a bitstream form.
The recerved signal may be decoded through the entropy
decoder 210. For example, the entropy decoder 210 may
derive information (e.g., video/image information) for
image reconstruction (or picture reconstruction) by parsing
the bitstream. For example, the entropy decoder 210 may
decode mnformation within the bitstream based on a coding
method, such as exponential Golomb encoding, CAVLC or
CABAC, and may output a value of a syntax element for
image reconstruction or quantized values of transform coet-
ficients regarding a residual. More specifically, in the
CABAC entropy decoding method, a bin corresponding to
cach syntax element may be received from a bitstream, a
context model may be determined using decoding target
syntax element mformation and decoding information of a
neighboring and decoding target block or mnformation of a
symbol/bin decoded 1n a previous step, a probability that a
bin occurs may be predicted based on the determined
context model, and a symbol corresponding to a value of
cach syntax element may be generated by performing arith-
metic decoding on the bin. In this case, i the CABAC
entropy decoding method, after a context model 1s deter-
mined, the context model may be updated using information
of a symbol/bin decoded for the context model of a next
symbol/bin. Information on a prediction among information
decoded 1n the entropy decoder 2110 may be provided to the
predictor (inter predictor 260 and intra predictor 265).
Parameter information related to a residual value on which
entropy decoding has been performed in the entropy decoder
210, that 1s, quantized transform coelflicients, may be 1nput
to the dequantizer 220. Furthermore, information on filtering,
among 1information decoded 1n the entropy decoder 210 may
be provided to the filter 240. Meanwhile, a receiver (not
illustrated) that receives a signal output by the encoding
apparatus may be further configured as an internal/external
clement of the decoding apparatus 200 or the receiver may
be an element of the entropy decoder 210.
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The dequantizer 220 may de-quantize quantized trans-
form coeflicients and output transform coethicients. The
dequantizer 220 may re-arrange the quantized transform
coellicients 1n a two-dimensional block form. In this case,
the re-arrangement may be performed based on a coetlicient
scan sequence performed in the encoding apparatus. The
dequantizer 220 may perform de-quantization on the quan-
tized transform coeflicients using a quantization parameter
(e.g., quantization step size information), and may obtain
transform coelflicients.

The mverse transformer 230 may output a residual signal
(residual block or residual sample array) by applving
inverse-transform to transform coeflicients.

The predictor may perform a prediction on a current
block, and may generate a predicted block including pre-
diction samples for the current block. The predictor may
determine whether an intra prediction 1s applied or inter
prediction 1s applied to the current block based on informa-
tion on a prediction, which 1s output by the entropy decoder
210, and may determine a detailed intra/inter prediction
mode.

The 1ntra predictor 265 may predict a current block with
reference to samples within a current picture. The referred
samples may be located to neighbor a current block or may
be spaced apart from a current block depending on a
prediction mode. In an intra prediction, prediction modes
may include a plurality of non-angular modes and a plurality
of angular modes. The intra predictor 265 may determine a
prediction mode applied to a current block using a prediction
mode applied to a neighboring block.

The ter predictor 260 may derive a predicted block for
a current block based on a reference block (reference sample
array) specified by a motion vector on a reference picture. In
this case, 1n order to reduce the amount of motion informa-
tion transmitted 1n an inter prediction mode, motion 1nfor-
mation may be predicted as a block, a sub-block or a sample
unit based on the correlation of motion mnformation between
a neighboring block and the current block. The motion
information may include a motion vector and a reference
picture mndex. The motion information may further include
inter prediction direction (IO prediction, L1 prediction, Bi
prediction) information. In the case of inter prediction, a
neighboring block may include a spatial neighboring block
within a current picture and a temporal neighboring block
within a reference picture. For example, the inter predictor
260 may configure a motion information candidate list based
on neighboring blocks, and may derive a motion vector
and/or reference picture index of a current block based on
received candidate selection information. An inter prediction
may be performed based on various prediction modes.
Information on the prediction may include information
indicating a mode of inter prediction for a current block.

The adder 235 may generate a reconstructed signal (re-
constructed picture, reconstructed block or reconstructed
sample array) by adding an obtained residual signal to a
prediction signal (predicted block or prediction sample
array) output by the inter predictor 260 or the intra predictor
265. A predicted block may be used as a reconstructed block
if there 1s no residual for a processing target block as in the
case where a skip mode has been applied.

The adder 235 may be called a reconstructor or a recon-
struction block generator. The generated reconstructed sig-
nal may be used for the intra prediction of a next processing
target block within a current picture, and may be used for the
inter prediction of a next picture through filtering as will be
described later.
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The filter 240 can 1mprove subjective/objective picture
quality by applying filtering to a reconstructed signal. For
example, the filter 240 may generate a modified recon-
structed picture by applying various filtering methods to a
reconstructed picture, and may transmit the modified recon-
structed picture to the memory 250, more particularly to the
DPB of the memory 250. The various filtering methods may
include deblocking filtering, a sample adaptive oflset SAQO,
an adaptive loop filter ALF, and a bilateral filter, for
example.

The (modified) reconstructed picture stored 1n the DPB of
the memory 250 may be used as a reference picture 1n the
inter predictor 260. The memory 250 may store motion
information of a block 1n which the motion information 1n
the current picture 1s derived (or decoded) and/or motion
information of blocks 1n an already reconstructed picture.
The stored motion information may be forwarded to the inter
predictor 260 to be utilized as motion information of a
spatial neighboring block or motion information of a tem-
poral neighboring block. The memory 170 may store recon-
structed samples of the reconstructed blocks 1n the current
picture and forward it to the intra predictor 265.

In the disclosure, the embodiments described 1n the filter
160, inter predictor 180 and intra predictor 185 of the
encoding apparatus 100 may be applied to the filter 240,
inter predictor 260 and intra predictor 265 of the decoding
apparatus 200, respectively, i1dentically or i a correspon-
dence manner.

Block Partitioning

The video/image coding method according to the present
disclosure may be performed based on various detailed
techniques, and each of the various detailed techniques 1s
described as below. It 1s apparent to those skilled 1n the art
that the techniques described herein may be associated with
the related procedure such as a prediction, a residual process
((lnverse) transform, (de)quantization, etc.), a syntax ele-
ment coding, a filtering, a partitioning/splitting 1n a video/
image encoding/decoding procedure described above and/or
described below.

The block partitioning procedure according to the present
disclosure may be performed 1n the image divider 110 of the
encoding apparatus described above, and the partitioning
related information may be (encoding) processed in the
entropy encoder 190 and forwarded to the decoding appa-
ratus 1n a bitstream format. The entropy decoder 210 of the
decoding apparatus may obtain a block partitioning structure
ol a current picture based on the partitioning related infor-
mation obtained from the bitstream, and based on 1t, may
perform a series ol procedure (e.g., prediction, residual
processing, block reconstruction, in-loop filtering, etc.) for
an 1mage decoding.

Partitioming of Picture into CTUs

Pictures may be divided into a sequence of coding tree
units (CTUs). ACTU may correspond to a coding tree block
(C1B). Alternatively, a CTU may include a coding tree
block of luma samples and two coding tree blocks of
corresponding chroma samples. In other words, for a picture
including three types of sample arrays, a CTU may include
a NxN block of luma samples and two corresponding
samples of chroma samples.

A maximum supported size of a CTU {for coding and
prediction may be different from a maximum supported size
of a CTU for transform. For example, a maximum supported
s1ize of luma block 1n a CTU may be 128x128.

Partitioming of the CTUs Using a Tree Structure

A CTU may be divided into CUs based on a quad-tree
(QT) structure. The quad-tree structure may be called as a
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quaternary structure. This 1s for reflecting various local
characteristics. Meanwhile, 1n the present disclosure, a CTU
may be divided based on a multi-type tree structure parti-
tioning including a binary-tree (BT) and a ternary-tree (11)
as well as the quad-tree. Hereinatfter, QTBT structure may
include the quad-tree and binary-tree structures, and
QTBTTT may include partitioning structures based on the
binary-tree and ternary-tree. Alternatively, the QTBT struc-
ture may also include partitioning structures based on the
quad-tree, binary-tree and ternary-tree. In the coding tree
structure, a CU may have a square or rectangle shape. A
CTU may be divided into a quad-tree structure, first. And
then, leal nodes of the quad-tree structure may be addition-
ally divided by the multi-type tree structure.

FIG. 3 1s a diagram 1llustrating an example of a multi-type
tree structure as an embodiment to which the present dis-
closure may be applied.

In an embodiment of the present disclosure, a multi-type
tree structure may include 4 split types as shown 1 FIG. 3.
The 4 split types may include a vertical binary splitting
(SPLIT_BT_VER), a horizontal binary splitting (SP-
LIT_BT _HOR), a wvertical ternary splitting (SPLIT_
TT_VER) and a horizontal ternary splitting (SPLIT_
TT_HOR). The leaf nodes of the multi-type tree structure
may be called as CUs. Such CUs may be used for prediction
and transform procedure. In the present disclosure, gener-
ally, a CU, a PU and a TU may have the same block size.
However, 1n the case that a maximum supported transform
length 1s smaller than a width or a height of a color
component, a CU and a TU may have different block sizes.

FIG. 4 1s a diagram 1illustrating a signaling mechanism of
partition split information of a quadtree with nested multi-
type tree structure as an embodiment to which the present
disclosure may be applied.

Here, a CTU may be treated as a root of a quad-tree and
initially partitioned 1nto a quad-tree structure. Each quad-
tree leal node may be further partitioned into a multi-type
tree structure later. In the multi-type tree structure, a first tlag
(e.g., mtt_split_cu_flag) 1s signaled to indicate whether the
corresponding node i1s further partitioned). In the case that
the corresponding node 1s further partitioned, a second flag
(e.g., mtt_split_cu_verticla_flag) may be signaled to indicate
a splitting direction. Later, a third flag (e.g., mtt_split_cu_
binary_flag) may be signaled to indicate whether the split
type 1s a binary split or a ternary split. For example, based
on the mtt_split_cu_vertical_flag and the mtt_split_cu_bi-
nary_flag, a multi-type tree splitting mode (MttSplitMode)
may be derived as represented 1n Table 1 below.

TABLE 1

MittSplitMode mtt_split_cu_vertical_flag mitt_split cu_binary_flag

SPLIT _TT_HOR 0
SPLIT_BT_HOR 0
SPLIT_TT_VER 1
SPLIT_BT_VER 1

I e

FIG. 5 1s a diagram 1llustrating a method of partitioning,
a CI'U mto multiple CUs based on a quadtree and nested
multi-type tree structure as an embodiment to which the
present disclosure may be applied.

Here, bolded block edges represent a quad-tree partition-
ing, and the remaining edges represent a multi-type tree
partitioning. The quad-tree partition with nested multi-type
tree may provide a contents-adapted coding tree structure. A
CU may correspond to a coding block (CB). Or, a CU may
include a coding block of luma samples and two coding
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blocks of corresponding chroma samples. A size of CU may
be great as much as a CTU or may be small as 4x4 1n a luma
sample unit. For example, 1n the case of 4:2:0 color format
(or chroma format), a maximum chroma CB size may be
64x64, and a minimum chroma CB size may be 2x2.

In the present disclosure, for example, a maximum sup-
ported luma TB size may be 64x64, and a maximum
supported chroma TB size may be 32x32. In the case that a
width or a height of a CB partitioned according to the tree
structure 1s greater than a maximum transform width or
height, the CB may be further partitioned until a TB size
limit 1n horizontal and vertical directions are satisfied auto-
matically (or implicitly).

Meanwhile, for the quad-tree coding tree scheme with
nested multi-type iree, the following parameters may be
defined or recognized as SPS syntax element.

CTU si1ze: the root node size of a quaternary tree

MinQTSi1ze: the mmmimum allowed quaternary tree leaf

node size

MaxBtSize: the maximum allowed binary tree root node

S1Z&
MaxTtS1ze: the maximum allowed ternary tree root node
S1Z&

MaxMttDepth: the maximum allowed hierarchy depth of

multi-type tree splitting from a quadtree leat

MinBtSize: the minimum allowed binary tree leafl node

S1Z&
MinTtSize: the minimum allowed ternary tree leat node
S1Z&

As an example of the quad-tree coding tree scheme with
nested multi-type tree, a CTU size may be set to 128x128
luma samples and 64x64 blocks of two corresponding
chroma samples (in 4:2:0 chroma sample). In this case,
MinOTSi1ze may be set to 16x16, MaxBtSize may be set to
128x128, Max'TtSzie may be set to 64x64, MinBtSize and
MinTtSize (for both width and height) may be set to 4x4,
and MaxMttDepth may be set to 4. The quad-tree partition-
ing may be applied to a CTU and generate quad-tree leaf
nodes. The quad-tree leal node may be called a leat QT
node. The quad-tree leal nodes may have a size from 16x16
s1ize (1.e. the MinOTSi1ze) to 128x128 size (1.e. the CTU
s1ze). In the case that a leal QT node 1s 128x128, the leat QT
node may not be partitioned 1nto a binary-tree/ternary-tree.
This 1s because the leal QT node exceeds MaxBtsize and
MaxTtszie (1.e., 64x64) even 1n the case the leat QT node 1s
partitioned. In other case, the leat QT node may be addi-
tionally partitioned into a multi-type tree. Theretfore, the leaf
QT node may be a root node for the multi-type tree, and the
leal QT node may have multi-type tree depth (mttDepth) O
value. In the case that the multi-type tree depth reaches
MaxMttdepth (e.g., 4), no more additional partition may be
considered. In the case that a width of the multi-type tree
node 1s equal to MinBtSize and smaller than or equal to
2xMinTtS1ze, no more additional horizontal partitioning
may be considered. In the case that a height of the multi-type
tree node 1s equal to MinBtSize and smaller than or equal to
2xMinTtS1ze, no more additional vertical partitioning may
be considered.

FIG. 6 1s a diagram illustrating a method for limiting a
ternary-tree split as an embodiment to which the present
disclosure may be applied.

Referring to FIG. 6, 1n order to support 64x64 luma block
and 32x32 chroma pipeline design 1n a hardware decoder, a
TT split may be limited in a specific case. For example, 1n
the case that a width or a height of a luma coding block 1s
greater than a predetermined specific value (e.g., 32, 64), as
shown 1n FIG. 6, a T'T split may be limited.

10

15

20

25

30

35

40

45

50

55

60

65

14

In the present disclosure, the coding tree scheme may
support that a luma and chroma block have a separate block
tree structure. With respect to P and B slices, luma and
chroma C1Bs 1n a single CTU may be limited to have the
same coding tree structure. However, with respect to I slices,
luma and chroma blocks may have respective individual
block tree structures. In the case that the individual block
tree mode 1s applied, a luma CTB may be partitioned into
CUs based on a specific coding tree structure, and a chroma
CTB may be partitioned mto chroma CUs based on a
different coding tree structure. This may mean that a CU 1n
I slice may include a coding block of chroma component or
coding blocks of two chroma component, and a CU 1n P or
B slice may include blocks of three color components.

In the “Partitioning of the CTUs using a tree structure”
described above, the quad-tree coding tree scheme with
nested multi-type tree 1s described, but a structure in which
a CU 1s partitioned 1s not limited thereto. For example, BT
structure and TT structure may be interpreted as the concept
included in the Multiple Partitioning Tree (MPT) structure,
and 1t may be interpreted that a CU 1s partitioned through QT
structure and MPT structure. In an example that a CU 1s
partitioned through QT structure and MPT structure, a
syntax element including information on the number of
blocks to which a leal node of QT structure 1s partitioned
(e.g., MPT_split_type) and a syntax element including infor-
mation a direction to which a leal node of QT structure 1s
partitioned between vertical and horizontal directions (e.g.,
MPT_split_mode) may be signaled, and a split structure
may be determined.

In another example, a CU may be partitioned in a method
different from QT structure, BT structure or T'T structure.
That 1s, different from that a CU of a lower layer depth 1s
partitioned to Ya size of a CU of a higher layer depth
according to QT structure, a CU of a lower layer depth 1s
partitioned to 2 size of a CU of a higher layer depth
according to BT structure, or a CU of a lower layer depth 1s
partitioned to Y4 size or 2 size of a CU of a higher layer
depth according to TT structure, a CU of a lower layer depth
may be partitioned 1nto %5, 14, 34, 35, 24 or 34 size of a CU
of a higher layer depth 1n some cases, but a method of
partitioning a CU 1s not limited thereto.

In the case that a portion of a tree node block exceeds a
bottom or right picture boundary, the corresponding tree
node block may be limited that all samples of all coded CUs
are located within the picture boundaries. In this case, for
example, the following split rules may be applied.

I a portion of a tree node block exceeds both the bottom
and the right picture boundaries,

If the block 1s a QT node and the size of the block 1s larger
than the mimmimum QT size, the block 1s forced to be
split with QT split mode.

Otherwise, the block 1s
SPLIT_BT_HOR mode

Otherwise 11 a portion of a tree node block exceeds the
bottom picture boundaries,

I1 the block 1s a QT node, and the si1ze of the block 1s larger
than the mmimum QT size, and the size of the block 1s
larger than the maximum BT size, the block 1s forced
to be split with QT split mode.

Otherwise, 11 the block 1s a QT node, and the size of the
block 1s larger than the minimum QT size and the size

of the block 1s smaller than or equal to the maximum
BT size, the block 1s forced to be split with QT split
mode or SPLIT BT HOR mode.

forced to be split with
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Otherwise (the block 1s a BTT node or the size of the
block 1s smaller than or equal to the minimum QT size),
the block 1s forced to be split with SPLIT_BT_HOR
mode.

Otherwise 1f a portion of a tree node block exceeds the
right picture boundaries,

If the block 1s a QT node, and the size of the block 1s larger
than the mmimum QT size, and the size of the block 1s
larger than the maximum BT size, the block 1s forced
to be split with QT split mode.

Otherwise, 11 the block 1s a QT node, and the size of the
block 1s larger than the minimum QT size and the size
of the block 1s smaller than or equal to the maximum
BT size, the block 1s forced to be split with QT split
mode or SPLIT BT VER mode.

Otherwise (the block 1s a BTT node or the size of the
block 1s smaller than or equal to the minimum QT size),
the block 1s forced to be split with SPLIT_BT_VER
mode.

Meanwhile, the quad-tree coding tree scheme with nested
multi-type tree described above may provide very tlexible
partitioning structure. Owing to the split types supported in
the multi-type tree, different split patterns may bring a result
of the same coding block structure 1n some cases. By
limiting generations of such redundant split patterns, a data
amount of partitioning information may be reduced. This 1s
described with reference to the following drawing.

FIG. 7 1s a diagram 1illustrating redundant split patterns
that may be generated in binary-tree split and ternary-tree
split as an embodiment to which the present disclosure may
be applied.

As shown 1n FIG. 7, two levels of consecutive binary
splits 1n one direction may have the same coding block
structure as the binary split for a center partition after a
ternary split. In this case, the binary-tree split for the center
partition of the ternary-tree split may be limited (in the given
direction). Such a limit may be applied to CUs of all
pictures. In the case that such a specific split 1s limited,
signaling of the corresponding syntax elements may be
modified by reflecting the limited case, and through this, the
number of bits signaled for partitioning may be reduced. For
example, as exemplified in FIG. 7, 1n the case that the
binary-tree split for the center partition of a CU 1s limated,
mtt_split_cu_binary_flag syntax element that indicates
whether a split 1s the binary split or the ternary split may not
be signaled, and the value may be inferred by a decoder as
0.

Prediction

In order to reconstruct a current processing unit on which
decoding 1s performed, a decoded part of a current picture or
other pictures including the current processing unit may be
used.

A picture (slice) that uses only the current picture for
reconstruction, that 1s, performs only an infra prediction,
may be referred to as an intra picture or an I picture (slice),
a picture (slice) that uses maximum one motion vector and
a reference 1index to predict each unit may be referred to as
a predictive picture or a P picture (slice), and a picture (slice)
that uses maximum two motion vectors and two reference
indices may be referred to as a Bi-predictive picture or a B
picture (slice).

The 1intra prediction refers to a prediction method of
deriving a current processing block from data elements (e.g.
sample values, etc.) of the same decoded picture (or slice).
That 1s, 1t refers to a method of predicting a pixel value of
the current processing block by referring to reconstructed
areas 1n the current picture.
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Hereinatter, an inter prediction will be described in more
detail.

Intra Prediction (or Intra-Screen Prediction)

Intra prediction means a prediction method for deriving a
current processing block from data elements (e.g., sample
value) of the same decoded picture (or slice). That 1s, intra
prediction means a method of predicting a pixel value of a
current processing block with reference to reconstructed
regions within a current picture.

Intra prediction may represent a prediction that generates
prediction samples for a current block based on reference
samples outside the current block within the picture (here-
inafter, current picture) to which the current block belongs.

The present disclosure describes a detailed technology of
the intra prediction method explained earlier with reference
to FIGS. 1 and 2, where the decoder may be represented by
the intra prediction-based video/image decoding method of
FIG. 10 and the intra predictor within the decoding appa-
ratus of FIG. 11 which will be described later. Also, the
encoder may be represented by the intra prediction-based
video/image encoding method of FIG. 8 and the intra
predictor within the encoding apparatus of FIG. 9 which will
be described later. In addition, data encoded as shown 1n
FIGS. 8 and 9 may be stored in the form of a bitstream.

If an intra prediction 1s applied to a current block,
neighboring reference samples used for intra prediction on
the current block may be dertved. The neighboring reference
samples of the current block with a size of nWxnH may
comprise a total of 2xnH samples including samples adja-
cent to the left boundary of the current block and samples
neighboring the bottom-leit of the current block, a total of
2xnW samples including samples adjacent to the top bound-
ary ol the current block and samples neighboring the top-
right of the current block, and one sample neighboring the
top-left of the current block. Alternatively, the neighboring
reference samples of the current block may comprise a
plurality of rows of upper neighboring samples and a
plurality of columns of left neighboring samples. Also, the
neighboring reference samples of the current block with a
s1ze of nwxnH may comprise a total of nh samples adjacent
to the right boundary of the current block, a total of nw
samples adjacent to the bottom boundary of the current
block, and one sample neighboring the bottom-right of the
current block.

It should be noted that some of the neighboring reference
samples of the current block may not have been decoded yet
or not available. In this case, the decoder may substitute
unavailable samples with available samples to construct
neighboring reference samples used for prediction. Alterna-
tively, the neighboring reference samples for use in predic-
tion may be constructed by the mterpolation of the available
samples.

Once the neighboring reference samples are derived, (1) a
prediction sample may be derived based on the average or
interpolation of the neighboring reference samples of the
current block, or (1) the prediction sample may be derived
based on a reference sample present 1n a particular (predic-
tion) direction with respect to the prediction sample, among
the neighboring reference samples of the current block. (1)
may be called a non-directional mode or non-angular mode,
and (1) may be called a directional mode or angular mode.
Moreover, the prediction sample may be generated by the
interpolation of the second neighboring sample and first
neighboring sample, among the neighboring reference
samples, located 1n the direction opposite to the prediction
direction of the intra prediction mode of the current block
with respect to the prediction sample of the current block.
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The above case may be called linear interpolation intra
prediction (LIP). Also, the prediction sample of the current
block may be derived by deriving a temporary prediction
sample of the current block based on filtered neighboring
reference samples and calculating the weighted sum of at
least one reference sample derived according to the intra
prediction mode, among the existing neighboring reference
samples, 1.e., unfiltered neighboring reference samples, and
the temporary prediction sample. The above case may be
called position dependent intra prediction (PDPC). Mean-
while, post-filtering of the derived prediction sample may be
performed 11 necessary.

Specifically, an intra prediction procedure may comprise
an 1ntra prediction mode determination step, a neighboring
reference sample derivation step, and an infra prediction
mode-based prediction sample denivation step. Also, post-
filtering of the dernived prediction sample may be performed
il necessary.

The 1ntra prediction-based video/image encoding proce-
dure and the intra predictor within the encoding apparatus
will be schematically described below by way of example.

FIG. 8 and FIG. 9 are diagrams illustrating an intra
prediction-based video/image encoding method according to
an embodiment of the present disclosure and an intra pre-
dictor within an encoding apparatus according to an embodi-
ment of the present disclosure.

Referring to FIGS. 8 and 9, S801 may be performed by
the intra predictor 183 of the encoding apparatus, and S802
may be performed by the residual processor of the encoding
apparatus. Specifically, S802 may be performed by the
subtractor 115 of the encoding apparatus. In S803, predicted
information may be derived by the intra predictor 185 and
encoded by the entropy encoder 190. In S803, residual
information may be derived by the residual processor and
encoded by the entropy encoder 190. The residual informa-
tion 1s mformation about the residual samples. The residual
information may comprise information about quantized
transform coeflicients for the residual samples.

As described above, the residual samples may be derived
as transform coeflicients through the transformer 120 of the
encoding apparatus, and the transform coeflicients may be
derived as quantized transform coellicients through the
quantizer 130. Information about the quantized transiorm
coellicients may be encoded by the entropy encoder 190
through a residual coding procedure.

The encoding apparatus may perform an intra prediction
on a current block (S801). The encoding apparatus may
derive an intra prediction mode for the current block, derive
neighboring reference samples of the current block, and
generate prediction samples within the current block based
on the intra prediction mode and the neighboring reference
samples. In this case, the intra prediction mode determina-
tion, neighboring reference sample derivation, and predic-
tion sample generation procedures may be performed simul-
taneously, or one of the procedures may be performed prior
to another procedure. For example, the intra predictor 185 of
the encoding apparatus may comprise a prediction mode
determiner 186, a reference sample derniver 187, and a
prediction sample deriver 188. The prediction mode deter-
miner 186 may determine an intra prediction mode for the
current block. The reference sample deriver 187 may derive
neighboring reference samples of the current block. The
prediction sample deriver 188 may derive motion samples of
the current block. Meanwhile, although not 1llustrated, 1n a
case where a prediction sample filtering procedure to be
described later 1s performed, the intra predictor 185 may
turther comprise a prediction sample filter unit (not 1llus-
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trated). The encoding apparatus may determine a mode
applied to the current block, among a plurality of intra
prediction modes. The encoding apparatus may compare RD
costs for the intra prediction modes, and may determine the
best 1ntra prediction mode for the current block.

Meanwhile, the encoding apparatus may perform a pre-
diction sample filtering procedure. The prediction sample
filtering may be called post filtering. Some or all of the
prediction samples may be filtered by the prediction sample
filtering procedure. The prediction sample filtering proce-
dure may be omitted in some cases.

The encoding apparatus may generate residual samples
for the current block based on (filtered) prediction samples
(S802). The encoding apparatus may encode 1mage infor-
mation, including prediction mode information indicative of
the 1ntra prediction mode and residual information related to
the residual samples (5803). The encoded image informa-
tion may be outputted 1n the form of a bitstream. The output
bitstream may be transmitted to the decoding apparatus
through a storage medium or over a network.

As described above, the encoding apparatus may generate
a reconstructed picture (including reconstructed samples and
a reconstructed block) based on the reference samples and
the residual samples. This 1s 1 order for the encoding
apparatus to derive the same prediction results as the decod-
ing apparatus, whereby the coding efliciency can be
enhanced. As described above, an 1n-loop filtering procedure
may be further applied to the reconstructed picture.

FIG. 10 and FIG. 11 are diagrams illustrating an intra
prediction-based video/image decoding method according to
an embodiment of the present disclosure and an intra pre-
dictor within a decoding apparatus according to an embodi-
ment of the present disclosure.

Referring to FIGS. 10 and 11, the decoding apparatus may
perform operations corresponding to the operations per-
formed in the encoding apparatus. The decoding apparatus
may perform a prediction on a current block based on
received prediction information and derive prediction
samples.

Specifically, the decoding apparatus may derive an intra
prediction mode for a current block based on received
prediction mode information (S1001). The decoding appa-
ratus may derive neighboring reference samples of the
current block (S1002). The decoding apparatus may gener-
ate prediction samples within the current block based on the
intra prediction mode and the neighboring reference samples
(51003). In this case, the decoding apparatus may perform
a prediction sample filtering procedure. The prediction
sample filtering may be called post filtering. Some or all of
the prediction samples may be filtered by the prediction
sample filtering procedure. The prediction sample filtering
procedure may be omitted in some cases.

The decoding apparatus may generate residual samples
for the current block based on recerved residual information
(51004). The decoding apparatus may generate recon-
structed samples for the current block based on the (filtered)
prediction samples and the residual samples, and may gen-
erate a reconstructed picture based on the reconstructed
samples (51005).

Here, the intra predictor 265 of the decoding apparatus
may comprise a prediction mode determiner 266, a reference
sample deriver 267, and a prediction sample deriver 268.
The prediction mode determiner 266 may determine an 1ntra
prediction mode for the current block based on prediction
mode information received from the prediction mode deter-
miner 186 of the encoding apparatus. The reference sample
deriver 266 may derive neighboring reference samples of the
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current block. The prediction sample deriver 268 may derive
prediction samples of the current block. Meanwhile,
although not 1illustrated, 1n a case where the above-men-
tioned prediction sample filtering procedure 1s performed,
the intra predictor 265 may further comprise a prediction
sample filter unit (not illustrated).

The prediction mode information may comprise flag
information (ex. prev_intra_luma_pred_flag) indicating
whether a most probable mode (MPM) or a remaining mode
1s applied to the current block. In a case where the MPM 1s
applied to the current block, the prediction mode informa-
tion may further comprise index information (ex. mpm_1dx)
indicative of one of the intra prediction mode candidates
(MPM candidates). In this case, the intra prediction mode
candidates (MPM candidates) may be constructed into an
MPM candidate list or an MPM list. Furthermore, 1n a case
where the MPM 1s not applied to the current block, the
prediction mode information may further comprise remain-
ing mode information (ex. rem_inra luma_pred_mode)
indicative of one of the remaining intra prediction modes,
not the intra prediction mode candidates (MPM candidates).
The decoding apparatus may determine an intra prediction
mode for the current block based on the prediction mode
information. The prediction mode information may be
encoded/decoded through a coding method to be described
later. For example, the prediction mode information may be
encoded/decoded through entropy coding (ex. CABAC,
CAVLC) based on a truncated (rice) binary code.

Determination of Intra Prediction Mode

If an intra prediction 1s applied, an intra prediction mode
applied to a current block may be determined using an 1ntra
prediction mode of a neighboring block. For example, the
decoding apparatus may select one of most probable mode
(MPM) candidates derived based on an intra prediction
mode of a block to the leit of the current block and an intra
prediction mode of a block above the current block, based on
a recetved mpm 1ndex, or may select one of the remaining
intra prediction modes not included 1n the mpm candidates,
based on remaining intra prediction mode information. The
mpm index may be signaled in the form of an mpm_1dx
syntax element. The remaining intra prediction mode infor-
mation may be signaled 1n the form of a rem_intra_lu-
ma_pred_mode syntax element. For example, the remaining
intra prediction mode mformation may indicate one of the
remaining intra prediction modes not icluded 1 the mpm
candidates, among all of the intra prediction modes, which
are 1ndexed in the order of prediction mode numbers.

FIG. 12 and FIG. 13 are diagrams illustrating prediction
directions of intra prediction modes according to an embodi-
ment to which the present disclosure may be applied.

Referring to FIG. 12, the intra prediction modes may
include 2 non-directional prediction modes and 33 direc-
tional prediction modes. The non-directional prediction
modes may 1nclude a planar intra prediction mode and a DC
intra prediction mode. The directional prediction modes may
include intra prediction modes #2 to #34. The planar intra
prediction mode may be called a planar mode, and the DC
intra prediction mode may be called a DC mode.

Meanwhile, 1n order to capture a given edge direction
proposed 1n natural video, the directional intra prediction
modes may be extended from the existing 33 modes to 65
modes as 1llustrated in FIG. 13 to be described later. In this
case, the intra prediction modes may include 2 non-direc-
tional intra prediction modes and 65 directional intra pre-
diction modes. The non-directional intra prediction modes
may 1nclude a planar intra prediction mode and a DC intra
prediction mode. The directional intra prediction modes may
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include intra prediction modes #2 to #66. The extended
number of directional intra prediction modes may be applied
to blocks of all sizes, and may be applied to both a luma
component and a chroma component.

Alternatively, the intra prediction modes may include 2
non-directional prediction modes and 129 directional pre-
diction modes. The non-directional prediction modes may
include a planar intra prediction mode and a DC intra
prediction mode. The directional prediction modes may
include intra prediction modes #2 to #130.

The predictor of the encoding apparatus/decoding appa-
ratus may derive a reference sample according to an intra
prediction mode of a current block, among neighboring
reference samples of the current block, and may generate a
prediction sample of the current block based on the refer-

ence sample.

For example, (1) a prediction sample may be derived
based on the average or interpolation of the neighboring
reference samples of the current block, or (11) the prediction
sample may be derived based on a reference sample present
in a particular (prediction) direction with respect to the
prediction sample, among the neighboring reference
samples of the current block. (1) may be called a non-
directional mode or non-angular mode, and (11) may be
called a directional mode or angular mode. Also, 1n one
embodiment, multiple reference sample lines may be used
for more precise prediction, which use one or more reference
sample lines for more accurate intra prediction.

Dervation of Prediction Sample for Chroma Component

If an intra prediction 1s performed on a current block, a
prediction on a luma component block (luma block) of the
current block and a prediction on a chroma component block
(chroma block) may be performed. In this case, an intra
prediction mode for the chroma component (chroma block)
may be set separately from an intra prediction mode for the
luma component (luma block).

For example, the intra prediction mode for the chroma
component may be indicated based on intra chroma predic-
tion mode information, and the intra chroma prediction
mode information may be signaled in the form of an
intra_chroma_pred_mode syntax element. In an example,
the intra chroma prediction mode information may indicate
one among a planar mode, a DC mode, a vertical mode, a
horizontal mode, a DM (Dernived Mode), and a LM (Linear
Mode). Herein, the planar mode may represent intra predic-
tion mode #0, the DC mode may represent intra prediction
mode #1, the vertical mode may represent intra prediction
mode #30, and the horizontal mode may represent intra-
prediction mode #18.

On the other hand, DM and LM are dependent intra
prediction modes for predicting a chroma block using infor-
mation of a luma block. The DM may indicate a mode in
which the same intra prediction mode as the intra prediction
mode for the luma component 1s applied as the intra pre-
diction mode for the chroma component. The LM may
indicate an intra prediction mode in which reconstructed
samples of the luma block are sub-sampled 1n the process of
generating a prediction block for the chroma block and then
LM parameters o and p are applied to the sub-sampled
samples to derive samples and use them as prediction

samples for the chroma block.
Multiple DM (Direct Mode)

In one embodiment of the present disclosure, Multiple
DM (MDM) may be applied to a chroma block by extending
the DM mode, which 1s an existing single mode, to multiple
modes.
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FIG. 14 1s a diagram illustrating the position of a luma
block for using an intra prediction mode according to an
embodiment to which the present disclosure may be applied.

The encoder/decoder may use an intra prediction mode of
a luma block and/or neighboring chroma block positioned as
illustrated 1n FIG. 14, in order to derive an intra prediction
mode for the chroma block. In this case, the encoder/decoder
may use intra prediction modes of blocks positioned as
illustrated 1n FIG. 14 as multiple DM modes.

For example, a preset number of prediction modes, among,
the following prediction modes, may be configured as MDM
modes (or MDM candidates, an MDM candidate list). In an

example, the MDM modes may include 5 intra prediction
modes.

Intra prediction modes for CR, TL, TR, BL, and BR

positions (or position blocks) of a luma block in the
same position (or a luma block corresponding to a
current chroma block)

Intra prediction modes for L, A, BL, AR, and AL blocks
which are neighboring blocks of the current chroma
block

Planar mode, DC mode

Direction (angular) modes which are obtained by adding
—1 or +1 to previously selected angular modes

Vertical mode, horizontal mode, and modes #2, #34, #66,
#10 and #26 (in the case of 65 directional modes)

If 5 prediction modes are not selected, copy and select the

previously selected modes

CCLM (Cross-Component Linear Model) Mode

In one embodiment of the present disclosure, a CCLM
mode may be applied to a current chroma block, which 1s a
prediction mode using the correlation between a luma block
and a chroma block corresponding to the luma block.

When the CCLM mode 1s applied, the encoder/decoder
may derive a linear model based on neighboring samples of
the luma block and neighboring samples of the chroma
block, and denive a prediction sample for the chroma block
based on the linear model and reconstructed samples of the
luma block.

Specifically, when the CCLM mode 1s applied to the
current chroma block, the encoder/decoder may derive
parameters for a linear model based on neighboring samples
used for intra prediction on the current chroma block and
neighboring samples used for 1ntra prediction on the current
luma block (or corresponding luma block). For example, the
linear model may be represented by the following Equation

1:

pred_(i,j)=arec;'(i,j)+P [Equation 1]

where pred (1,)) may represent a prediction sample on the
coordinates (1,]) of the current chroma block, and rec;'(1,7)
may represent a reconstructed sample on the coordinates (1,7)
of the current luma block. Also, rec;'(1,j) may represent a
down-sampled reconstructed sample of the current luma
block.

Meanwhile, the parameter o and parameter {3 of the linear
model may be derived based on the neighboring samples of
the current luma block and the neighboring samples of the
current chroma block. The parameter a and parameter 3 may
be derived by using the following Equations 2 and 3:

|Equation 2]

N> (Lim)-Cm) = ) Lim)- » C(n)
o

~ N-Y(Ln)-Ln) -, Ln)- Y, L(n)
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-continued

ZC(H)—&{-ZL(H)
b= N

|Equation3]

where L(n) may represent upper neighboring samples and
left neighboring samples of the current luma block, and C(n)
may represent upper neighboring samples and leit neigh-
boring samples of the current chroma block. Also, the L(n)
may represent down-sampled upper neighboring samples
and left neighboring samples of the current luma block.
Also, N may represent a value twice as much as the lower
value between the width and height of the current chroma
block.

FIG. 15 1s a diagram for explaining a CCLM (cross-
component linear model) mode according to an embodiment
to which the present disclosure 1s applied.

As described previously, the encoder/decoder may use the
above-explained Equation 2 and Equation 3 in order to
derive the parameter . and parameter {3. In this instance, the
positions of the neighboring samples used in Equation 2 and
Equation 3 are as illustrated 1n FIG. 15.

Meanwhile, a total of 6 intra prediction modes may be
allowed for chroma intra mode coding in order to code a
chroma 1ntra prediction mode. The 6 1ntra prediction modes
may include 5 existing intra prediction modes and one
CCLM mode (cross-component linear model mode). Table 2
below shows chroma intra prediction mode information and
a derivation process.

TABLE 2
Chroma
prediction Corresponding luma intra prediction mode
mode 0 50 18 1 X (0 <= X <= 66)
0 66 0 0 0 0
1 50 66 50 50 50
2 1R 18 66 18 18
3 1 1 1 66 1
4 77 77 77 77 77
5 0 50 18 1 X

In the present disclosure, a video coding technology for
parallel processing of encoding/decoding for high-resolution
images and low-latency applications 1s proposed. Applica-
tion programs such as HDR, Screen Contents, Peer to Peer
Broadcasting may be used. Image properties of such appli-
cation programs include a vast amount of data on color
components. Thus, 1n the case of high-resolution images and
4:4:4 1images, higher throughput 1s required to decode color
components.

Accordingly, one aspect of the present disclosure is to
propose a method for performing coding on each component
for parallel processing of color components (i.e., chroma
components).

Another aspect of the present disclosure 1s to propose an
indicator syntax for parallel processing of color components
(1.e., chroma components).

Another aspect of the present disclosure 1s to propose an
entropy 1nitialization method for components.

Another aspect of the present disclosure 1s to propose a
component data extraction process and collection process.

Another aspect of the present disclosure 1s to propose a
constrained reference level and parallel decoding method for
components.
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FIG. 16 and FIG. 17 are diagrams 1llustrating a compo-
sition of bitstream data according to an embodiment to
which the present disclosure may be applied.

Bitstream data may be sequentially composed of specific
processing units of data of luma components and chroma
components. The specific processing units may be CTU:s,
tiles, slices, tile groups, slice segments, pictures, and
sequences.

Referring to FIG. 16, bitstream data comprising data of
luma components and chroma components sequentially
composed 1 a CTU unit 1s 1llustrated.

Referring to FIG. 17, bitstream data comprising data of
luma components and chroma components sequentially
composed 1n a specific processing unit (or speciiic region) 1s
illustrated. In FIG. 17, 1t 1s assumed that data of each luma
component and data of each chroma component sequentially
comprise CTUs of data. In this case, the specific processing
units may be CTUs, tiles, slices, tile groups, slice segments,
pictures, and sequences.

For example, a bitstream for a tile may comprise data in
the order of luma component—chroma Cb component—
chroma Cr component. Also, the luma component data may
be sequentially composed of the CTUs of luma component
data included 1n the tile. The chroma Cb component data
may be sequentially composed of the CTUs of chroma Cb
component data included in the tile. The chroma Cr com-
ponent data may be sequentially composed of the CTUs of
chroma Cr component data included 1n the tile.

In a case where luma and chroma component data 1s
grouped into units of a higher level than CTUs as 1llustrated
in FIG. 17, thus may allow for parallel processing of each
component.

Moreover, 1n one embodiment of the present disclosure,
an 1ndicator mndex may be used to indicate a data composi-
tion of color components. In an embodiment, a composition
of components of bitstream data may be indicated by using
a syntax element of Table 3.

TABLE 3

Descriptor

u(l)

color_components composition_indicator flag

In Table 3, 11 color_components_composition_indicator_
flag 1s 1, thus indicates that sequential component data
comprises each CTU as 1illustrated in FIG. 16. If color
components_composition_indicator_flag 1s 0, this indicates
that same component data comprises Cl'Us in a unit of
specific regions (i.e., higher-level regions than CTUs) as
illustrated in FIG. 17.

FIG. 18 and FIG. 19 are diagrams 1llustrating a compo-
sition of bitstream data and entry points of each component
according to an embodiment to which the present disclosure
may be applied.

In one embodiment of the present disclosure, an oilset
and/or bitlength indicating the position of a component may
be used for parallel processing of each component. In the
bitstream structure explained above with reference to FIGS.
16 and 17, there may be various entry points for component
data.

Specifically, in the bitstream structure explained above
with reference to FIG. 16, the entry points illustrated in FIG.
18 may be used. Also, 1n the bitstream structure explained
above with reference to FIG. 17, the entry points 1llustrated

10

15

20

25

30

35

40

45

50

55

60

65

24

in FIG. 19 may be used. Through this, the decoder may
access each component data within a bitstream and 1s
capable of parallel processing of each component.

In a dual tree structure where a luma component and a
chroma component have independent split structures, there
1s no data dependency among split information. In this case,
parallel performance can be enhanced through entry point
signaling proposed in this embodiment.

In one embodiment of the present disclosure, an offset
and/or bitlength may provide direct support for the decod-
er’s access to each component data, without parsing the
syntax of all data. In an embodiment, the position of
component data in a bitstream may be dertved based on the
syntax structure of Table 4 below.

TABLE 4
num_components_point_oifsets ue(v)
if(num_entry_point_offsets > 0) {

offset_len_minusl ue(v)

for(1 = 0; 1 < num_components_point_oilsets; 1++)
component_point_offset._ minus1|[i]

u(v)

In Table 4, num_components_point_oilsets indicates the
number of components (or the number of entry points).
oflset_len_minus] indicates an oflset for indicating an entry
point, and component_point_oflset_minusl[1] indicates an
oflset for indicating the entry point of an 1-th component. In
an example, the entry point of each component may be
derived by using the following Equation 4. Also, the end
point of each component may be derived by using the
following Equation 5.

startPointByte[k]=2,_,*(component_point_offset_mi-

nusl[z-1]+1) [Equation 4]
endPointByte[k]|=startPointByte[k]+component_
point_offset_minusl[k] [Equation 3]

FIG. 20 and FIG. 21 are diagrams illustrating a method of
CABAC (Context-adaptive binary arithmetic coding) ini-
tialization by setting CABAC imitialization points according,
to an embodiment to which the present disclosure may be
applied.

In one embodiment of the present disclosure, a CABAC
(Context-adaptive binary arithmetic coding) initialization
process may be applied to each component in order to
improve the throughput of the entropy decoder. The CABAC
initialization process according to the embodiment of the
present disclosure allows for parallel processing for entropy
decoding.

When CABAC iitialization 1s used, CABAC 1nitializa-
tion points may be set from the wviewpoint of parallel
decoding. In the bitstream structure explained previously
with reference to FIGS. 16 and 17, various CABAC 1nitial-
1zation points for component data may be set.

Specifically, in the bitstream structure explained previ-
ously with reference to FIG. 16, the CABAC mitialization
points 1illustrated in FIG. 20 may be used. Also, in the
bitstream structure explained previously with reference to
FIG. 17, the CABAC mitialization points illustrated in FIG.
21 may be used. Through this, the decoder may perform
CABAC mmtialization on each component within the bait-
stream, and perform parallel processing for entropy decod-
ing on each component. In an embodiment, whether to
perform CABAC inmitialization on the current component or
not may be determined based on the syntax structure of

Table 5 below.
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TABLE 5

Descriptor

u(l)

entropy_initialization_flag

In Table 5, 1f entropy_1nitialization_tlag 1s 1, this indicates
that the entropy decoder must be mitialized, and, i entro-
py_imtialization_tlag i1s 0, the entropy decoder must not be
initialized.

FIG. 22 and FIG. 23 are diagrams 1llustrating a compo-
nent data collection method and a CABAC (Context-adap-
tive binary arithmetic coding) imtialization point setting
method according to an embodiment to which the present
disclosure may be applied.

In one embodiment of the present disclosure, the encoder/
decoder may extract data of a specific component and collect
the corresponding data. Referring again to FIG. 18 explained
previously, the encoder/decoder may instantly access luma
component and chroma component data according to the
above-proposed embodiment and parse the syntax of each
component data in a parallel manner.

However, according to the foregoing embodiment, com-
pression elliciency may be reduced due to frequent CABAC
iitialization processes. Accordingly, in order to improve
this problem, one embodiment of the present disclosure
proposes a component data collection method. The encoder/
decoder may collect data of a specific component without
applying a CABAC initialization process and periorm
entropy decoding based on accumulated probability.

In this case, the component data 1llustrated 1n FIG. 18 may
be collected as illustrated 1in FIG. 22. Also, 1n a case where
component data 1s collected as illustrated mm FIG. 17,
CABAC mitialization points illustrated 1n FIG. 23 may be
used. In an embodiment, whether to collect data for each

component or not may be determined based on the syntax
structure of Table 6 below.

TABLE 6

Descriptor

u(l)

collect_component_flag

In Table 6, collect_component_{lag 1s a flag indicating
whether the component 1s collected or not. It the value 1s 1,
the component data may be collected as 1n FIG. 22.

Moreover, in one embodiment of the present disclosure,
the encoder may signal to the decoder a syntax for handling,
(or on/off) a process for cross-referencing between each
component. For example, the process for cross-referencing
between each component may include technologies (or
coding tools) such as a DM (Derived Mode) for representing
a dependent 1ntra prediction mode for predicting a chroma
block using information of a luma block, a CCLM (cross-
component linear model) mode (or LM (linear model)
mode), which 1s a prediction mode 1n which the correlation
between a luma block and a chroma block corresponding to
the luma block 1s used for the chroma block, and IC
(illumination compensation) representing a method for
refining 1inter-predicted sample values based on a linear
model for changes in illumination, all of which may be
collectively referred to as cross-component referencing in
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the present disclosure. In an example, cross-component
referencing may collectively reter to DM, CCLM, LM, and
IC or at least one of them.

In the case where cross-component referencing 1s used,
the decoder has to wait for reference components to be
decoded, and parallel processing may be therefore disabled.
Accordingly, the encoder/decoder may disable the cross-
component referencing process 1n order to ensure parallel
performance. In an example, 1n order to disable the cross-
component referencing process, the encoder may signal to

the decoder a flag syntax (or syntax element) through a
sequence parameter set syntax as 1 Table 7 below.

TABLE 7
seq_parameter_set_rbsp( ) { Descriptor
sps_max_sub_layers minusl u(3)
sps_reserved_zero_ Sbits u(s)
profile_tier level(sps_max_sub_layers_minusl)
sps_seq_parameter_set_id ue(v)
chroma_format idc ue(v)

if(chroma._format_idc = = 3)
separate_colour plane_flag

u(l)
u(l)
u(l)

u(l)

disable_cross_component_reference_flag

if(!disable_cross component reference flag)
sps_cclm_enabled_flag

if(sps_cclm_enabled_flag && chroma_format i1dc = =1)
sps_celm_colocated_chroma_flag

In Table 7, disable_cross_component_reference flag rep-
resents a syntax element indicating whether the cross-
component referencing process 1s disabled or not. If the
syntax value of disable_cross_component_reference_tlag 1s
1, a technology for enabling the cross-component referenc-
ing process may be deactivated.

If the syntax value of disable_cross_component_refer-
ence_flag 1s 0, a sps_cclm_enabled flag syntax may be
parsed. Here, the sps_cclm_enabled_tflag syntax represents a
syntax indicating whether CCLM 1s enabled or not. The
syntax structure of Table 7 i1s only an example, and the
present disclosure 1s not limited to it. For example, if the
syntax value of disable_cross_component_reference_tlag 1s
0, a syntax indicating whether a cross-component referenc-
ing mode other than CCLM 1s enabled or not may be parsed.
Also, for example, the disable cross_component_refer-
ence_flag syntax and/or sps_cclm_enabled_flag syntax may
be transmitted through other higher-level syntaxes (e.g., a
picture parameter set, a tile group header, etc.).

Moreover, in one embodiment of the present disclosure, a
constrained reference level may be used when applying the
cross-component referencing process. This will be explained
with reference to the following drawings.

FIG. 24 1s a diagram for explaming a method for con-
straining cross-component referencing according to an
embodiment to which the present disclosure may be applied.

Retferring to FIG. 24, from the viewpoint of parallel
decoding, the decoder may refer to a previously parsed
component, not a parallelly-processed component. For
example, reference may be made to a residual, luma pre-
diction mode, etc. of a previously parsed luma component
during decoding of a chroma component.

In the case where the cross-component referencing pro-
cess 1s disabled according to the above-explained embodi-
ment, the above-described IC, CCLM, and LM technologies
do not allow for referring to decoding data of other com-
ponents.
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However, in this embodiment, the encoder/decoder may
refer to data of a previously parsed cross component, as
illustrated 1n FIG. 24.

The above-explained embodiments of the present disclo-

sure may be implemented individually, or one or more of >

them may be implemented 1n combination.

FI1G. 235 15 a flowchart illustrating a method for generating
an intra prediction block according to an embodiment to
which the present disclosure may be applied.

Referring to FIG. 25, the description will be given focus-
ing on the decoder for convenience of explanation, but the
present disclosure 1s not limited to this and the method for
generating an intra prediction block according to an embodi-
ment of the present disclosure may be performed in the same
manner 1n the encoder and decoder.

The decoder parses a syntax element indicating whether a
CCLM (cross-component linear mode) intra prediction on a

current chroma block 1s disabled or not (S2501).

As explained previously with reference to FIGS. 16 to 24,
the encoder may signal to the decoder a syntax for handling
(or on/olfl) a process for cross-referencing between each
component. The syntax element parsed in the step S2501
may be a syntax for handling (or on/ofl) cross-component

referencing, including at least one among DM, CCLM, LM,
and IC.

The syntax element parsed in the step S2501 may be
transmitted from the encoder 1n a unit of a picture, a slice,
a tile, or a tile group. Also, 1n one embodiment, a syntax
clement for enabling the CCLM intra prediction may be
transmitted 1n a unit of a sequence or picture. That 1s, even
in an environment where the CCLM intra prediction 1s

enabled through a higher-level syntax, the CCLM intra

prediction enabled at a higher level may be disabled at a
lower level (e.g., a unit of a picture, a slice, a tile, or a tile
group) for parallel processing between components.

The decoder derives an intra prediction mode applied to
the current chroma block (52502).

In an embodiment, when the CCLM i1ntra prediction 1s
disabled, the intra prediction mode may be derived 1 a
predetermined {irst prediction mode set. In an embodiment,

when the CCLM 1intra prediction 1s not disabled, the intra
prediction mode may be derived 1n a predetermined second
prediction mode set. In this 1nstance, the second prediction
mode set may include intra prediction modes included in the
first prediction mode set and the CCLM intra prediction
mode.

The decoder generates a prediction sample for the current
chroma block based on the intra prediction mode (S2503).

In an embodiment, when the intra prediction mode 1s the
CCLM 1ntra prediction mode, the generating of a prediction
sample may comprise: deriving a parameter used for the
CCLM 1ntra prediction by using a neighboring sample of a
luma block corresponding to the current chroma block and
a neighboring sample of the current chroma block; and
generating a prediction sample for the current chroma block
by using the parameter and a reconstructed sample of the
luma block.

As explained previously with reference to FIG. 24, when
the CCLM intra prediction 1s disabled, the current chroma
block may be decoded with reference to data of a previously
parsed luma block. In an embodiment, when the CCLM intra
prediction 1s disabled, the current chroma block may be
decoded with reference to a residual signal of a previously
parsed luma block and an intra prediction mode for the
previously parsed luma block.
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FIG. 26 1s a diagram illustrating an intra prediction
apparatus according to an embodiment to which the present
disclosure may be applied.

Although FIG. 26 1illustrates the intra predictor as one
block for convenience of explanation, the intra predictor
may be implemented as a component included in the
encoder and/or decoder.

Referring to FIG. 26, the intra predictor implements the
functions, processes, and/or methods proposed earlier with
reference to FIGS. 8 to 25. Specifically, the intra predictor
may comprise a syntax element parser 2601, an intra pre-
diction mode deriver 2602, and a prediction sample genera-
tor 2603.

The syntax element parser 2601 may parse a syntax
clement indicating whether a CCLM (cross-component lin-
car model) intra prediction on a current chroma block 1s
disabled or not.

As explained previously with reference to FIGS. 16 to 24,
the encoder may signal to the decoder a syntax for handling
(or on/ofl) a process for cross-referencing between each
component. The syntax element parsed by the syntax ele-
ment parser 2601 may be a syntax for handling (or on/ofl)
cross-component referencing, including at least one among
DM, CCLM, LM, and IC.

The syntax element parsed by the syntax element parser
2601 may be transmitted from the encoder in a unit of a
picture, a slice, a tile, or a tile group. Also, 1n one embodi-
ment, a syntax element for enabling the CCLM i1ntra pre-
diction may be transmitted 1n a unit of a sequence or picture.
That 1s, even 1n an environment where the CCLM intra
prediction 1s enabled through a higher-level syntax, the
CCLM i1ntra prediction enabled at a higher level may be
disabled at a lower level (e.g., a umit of a picture, a slice, a
tile, or a tile group) for parallel processing between com-
ponents.

The intra prediction mode deriver 2602 derives an intra
prediction mode applied to the current chroma block.

In an embodiment, when the CCLM intra prediction 1s
disabled, the mftra prediction mode may be derived 1 a
predetermined first prediction mode set. In an embodiment,
when the CCLM 1ntra prediction 1s not disabled, the intra
prediction mode may be derived 1n a predetermined second
prediction mode set. In this instance, the second prediction
mode set may include intra prediction modes included in the
first prediction mode set and the CCLM intra prediction
mode.

The prediction sample generator 2603 generates a predic-
tion sample for the current chroma block based on the intra
prediction mode.

In an embodiment, when the intra prediction mode 1s the
CCLM 1ntra prediction mode, the generating of a prediction
sample may comprise: deriving a parameter used for the
CCLM 1ntra prediction by using a neighboring sample of a
luma block corresponding to the current chroma block and
a neighboring sample of the current chroma block; and
generating a prediction sample for the current chroma block
by using the parameter and a reconstructed sample of the
luma block.

As explained previously with reference to FIG. 24, when
the CCLM intra prediction 1s disabled, the current chroma
block may be decoded with reference to data of a previously
parsed luma block. In an embodiment, when the CCLM intra
prediction 1s disabled, the current chroma block may be
decoded with reference to a residual signal of a previously
parsed luma block and an intra prediction mode for the
previously parsed luma block.
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FIG. 27 illustrates a video coding system to which the
present disclosure 1s applied.

A video coding system may include a source device and
a rece1ving device. The source device may forward encoded
video/image information or data to the receiving device 1n a
file or streaming format through a digital storage medium or
a network.

The source device may include a video source, an encod-
ing apparatus and a transmitter. The receiving device may
include a receiver, a decoding apparatus and a renderer. The
encoding apparatus may be called a video/image encoding
apparatus, and the decoding apparatus may be called a
video/image decoding apparatus. The transmitter may be
included in the encoding apparatus. The recerver may be
included in the decoding apparatus. The renderer may
include a display unit, and the display unit may be con-
structed as an independent device or an external component.

The video source may obtain video/image through pro-
cesses such as capturing, composing or generating. The
video source may include a video/image capturing device
and/or a video/image generating device. The video/image
capturing device may include one or more cameras, video/
image archive including a video/image captured previously,
and the like, for example. The wvideo/image generating
device may include a computer, a tablet and a smart phone,
for example, and may generate video/image (electrically),
for example. For example, a virtual video/image may be
generated through a computer, and 1n this case, the video/
image capturing process may be substituted by the process
ol generating a related data.

The encoding apparatus may encode an iput video/
image. The encoding apparatus may perform a series of
processes including a prediction, a transform, a quantization,
and the like for compression and coding efliciency.

The transmitter may forward encoded video/image infor-
mation or data output 1n a bitstream format to the receiver of
the receiving device 1n a file or streaming format through a

digital storage medium or a network. The digital storage
medium may include various storage media such as USB,
SD, CD, DVD, Blu-ray, HDD, SSD, and the like. The
transmitter may include an element for generating a media
file through a predetermined file format and may include an
clement for transmitting through broadcasting/communica-
tion network. The recerver may extract the bitstream and
forward 1t to the decoding apparatus.

The decoding apparatus may perform a series of processes
including a dequantization, an inverse transiorm, a predic-
tion, and the like that corresponds to the operation of the
encoding apparatus and decode video/image.

The renderer may render the decoded video/image. The
rendered video/image may be displayed through the display
unit.

FIG. 28 1s a configuration diagram of a content streaming,
system as an embodiment to which the present disclosure 1s
applied.

The content streaming system to which the present dis-
closure 1s applied may include an encoding server, a stream-
Ing server, a web server, a media storage, a user equipment,
and multimedia input devices.

The encoding server serves to compress content input
from multimedia mmput devices such as a smartphone, a
camera and a camcorder into digital data to generate a
bitstream and transmit the bitstream to the streaming server.
As another example, when the multimedia mput devices
such as a smartphone, a camera and a camcorder directly
generate bitstreams, the encoding server may be omitted.
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The bitstream may be generated by an encoding method
or a bitstream generation method to which the present
disclosure 1s applied and the streaming server can tempo-
rarily store the bitstream 1n the process of transmitting or
receiving the bitstream.

The streaming server transmits multimedia data to the
user equipment on the basis of a user request through the
web server and the web server serves as a medium that
informs a user of services. When the user sends a request for
a desired service to the web server, the web server delivers
the request to the streaming server and the streaming server
transmits multimedia data to the user. Here, the content
streaming system may include an additional control server,
and 1n this case, the control server serves to control com-
mands/responses between devices 1n the content streaming
system.

The streaming server may recerve content from the media
storage and/or the encoding server. For example, when
content 1s received from the encoding server, the streaming
server can receive the content in real time. In this case, the
streaming server may store bitstreams for a predetermined
time 1n order to provide a smooth streaming service.

Examples of the user equipment may include a cellular
phone, a smartphone, a laptop computer, a digital broadcast
terminal, a PDA (personal digital assistant), a PMP (portable
multimedia player), a navigation device, a slate PC, a tablet
PC, an ultrabook, a wearable device (e.g., a smartwatch, a
smart glass and an HMD (head mounted display)), a digital
TV, a desktop computer, a digital signage, etc.

Each server in the content streaming system may be
operated as a distributed server, and in this case, data
received by each server can be processed i a distributed
mannet.

The embodiments described in the disclosure may be
implemented and performed on a processor, a microproces-
sor, a controller or a chip. For example, the function units
illustrated 1n the drawings may be implemented and per-
formed on a computer, a processor, a miCroprocessor, a
controller or a chip.

Furthermore, the decoder and the encoder to which the
disclosure 1s applied may be included in a multimedia
broadcasting transmission and reception device, a mobile
communication terminal, a home cinema video device, a
digital cinema video device, a camera for monitoring, a
video dialogue device, a real-time communication device
such as video communication, a mobile streaming device, a
storage medium, a camcorder, a video on-demand (VoD)
service provision device, an over the top (OTT) wvideo
device, an Internet streaming service provision device, a
three-dimensional (3D) video device, a video telephony
device, and a medical video device, and may be used to
process a video signal or a data signal. For example, the
OTT wvideo device may include a game console, a Blueray
player, Internet access TV, a home theater system, a smart-
phone, a tablet PC, and a digital video recorder (DVR).

Furthermore, the processing method to which the disclo-
sure 1s applied may be produced 1n the form of a program
executed by a computer, and may be stored 1n a computer-
readable recording medium. Multimedia data having a data
structure according to the disclosure may also be stored 1n a
computer-readable recording medium. The computer-read-
able recording medium includes all types of storage devices
in which computer-readable data 1s stored. The computer-

readable recording medium may include Blueray disk (BD),
a universal serial bus (USB), a ROM, a PROM, an EPROM,
an EEPROM, a RAM, a CD-ROM, a magnetic tape, a tloppy

disk, and an optical data storage device, for example.
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Furthermore, the computer-readable recording medium
includes media implemented in the form of carriers (e.g.,
transmission through the Internet). Furthermore, a bit stream
generated using an encoding method may be stored 1n a
computer-readable recording medium or may be transmitted
over wired and wireless communication networks.

Furthermore, an embodiment of the disclosure may be
implemented as a computer program product using program
code. The program code may be performed by a computer
according to an embodiment of the disclosure. The program
code may be stored on a carrier readable by a computer.

In the aforementioned embodiments, the elements and
characteristics of the disclosure have been combined 1n a
specific form. Fach of the elements or characteristics may be
considered to be optional unless otherwise described explic-
itly. Each of the elements or characteristics may be imple-
mented 1 a form to be not combined with other elements or
characteristics. Furthermore, some of the elements and/or
the characteristics may be combined to form an embodiment
of the disclosure. The sequence of the operations described
in the embodiments of the disclosure may be changed. Some
of the elements or characteristics of an embodiment may be
included in another embodiment or may be replaced with
corresponding elements or characteristics of another
embodiment. It 1s evident that an embodiment may be
constructed by combining claims not having an explicit
citation relation 1n the claims or may be included as a new
claim by amendments after filing an application.

The embodiment according to the disclosure may be
implemented by various means, for example, hardware,
firmware, software or a combination of them. In the case of
an i1mplementation by hardware, the embodiment of the
disclosure may be implemented using one or more applica-
tion-specific integrated circuits (ASICs), digital signal pro-
cessors (DSPs), digital signal processing devices (DSPDs),
programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, microcon-
trollers, microprocessors, etc.

In the case of an implementation by firmware or soitware,
the embodiment of the disclosure may be implemented in
the form of a module, procedure or function for performing
the aforementioned functions or operations. Software code
may be stored 1n the memory and driven by the processor.
The memory may be located inside or outside the processor
and may exchange data with the processor through a variety
of known means.

It 1s evident to those skilled in the art that the disclosure
may be materialized 1n other specific forms without depart-
ing from the essential characteristics of the disclosure.
Accordingly, the detailed description should not be con-
strued as being limitative, but should be construed as being
illustrative from all aspects. The scope of the disclosure
should be determined by reasonable analysis of the attached
claims, and all changes within the equivalent range of the
disclosure are included 1n the scope of the disclosure.

INDUSTRIAL APPLICABILITY

The atorementioned preferred embodiments of the dis-
closure have been disclosed for illustrative purposes, and
those skilled in the art may improve, change, substitute, or
add various other embodiments without departing from the
technical spirit and scope of the disclosure disclosed 1n the
attached claims.
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The mnvention claimed 1s:

1. A method for decoding images based on an intra
prediction mode, the method comprising:

parsing, by a processor, a first syntax element indicating

a composition of components of bitstream data, the
composition of components being one of a first struc-
ture 1n which sequential component data comprises
cach coding tree unit and a second structure in which
same component data comprises coding tree units 1n a
unit of specific regions, the component data being one
of luma data or chroma data:

parsing, by the processor, information related to entry

points for respective component data;

accessing, by the processor, the component data within

the bitstream data based on the first syntax element and
the information related to the entry points;

parsing, by the processor, a second syntax element 1ndi-

cating whether a CCLM (cross-component linear
model) intra prediction on a current chroma block 1s
disabled or not;

deriving, by the processor, an intra prediction mode

applied to the current chroma block; and

generating, by the processor, a prediction sample for the

current chroma block based on the intra prediction
mode,

wherein, when the CCLM 1ntra prediction 1s disabled, the

intra prediction mode 1s derived 1n a predetermined first
prediction mode set,

when the CCLM 1ntra prediction 1s not disabled, the intra

prediction mode 1s derived 1n a predetermined second
prediction mode set, and

the second prediction mode set includes intra prediction

modes included 1n the first prediction mode set and the
CCLM 1ntra prediction mode.

2. The method of claim 1, wherein, when the intra
prediction mode 1s the CCLM intra prediction mode, the
generating of a prediction sample comprises:

deriving, by the processor, a parameter used for the

CCLM intra prediction by using a neighboring sample
of a luma block corresponding to the current chroma
block and a neighboring sample of the current chroma
block; and

generating, by the processor, a prediction sample for the

current chroma block by using the parameter and a

reconstructed sample of the luma block.

3. The method of claim 1, wherein the second syntax
clement 1s transmitted from an encoder 1n a unit of a picture,
a slice, a tile, or a tile group.

4. The method of claim 1, wherein, when the CCLM 1ntra
prediction 1s disabled, the current chroma block 1s decoded
with reference to data of a previously parsed luma block.

5. The method of claim 1, wherein, when the CCLM 1ntra
prediction 1s disabled, the current chroma block 1s decoded
with reference to a residual signal of a previously parsed
luma block and an intra prediction mode for the previously
parsed luma block.

6. The method of claim 1, wherein the information related
to the entry points comprises a number of the entry points,
and at least one of an oflset or a bitlength indicating a
position of corresponding component data.

7. The method of claim 1, further comprising:

parsing, by the processor, a first flag indicating whether an

entropy 1nitialization for the component data 1s per-

formed or not; and

performing, by the processor, parallel processing for

entropy decoding on each component data based on the

first tlag.
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8. The method of claim 7, further comprising:

parsing, by the processor, a second tlag indicating whether
corresponding component data 1s collected or not; and

collecting, by the processor, the corresponding compo-
nent data without applying the entropy initialization °
based on the second flag and performing the entropy
decoding based on accumulated probability.

9. A method for encoding images based on an intra

prediction mode, comprising:

generating, by a processor, a {irst syntax element indicat-
ing a composition ol components of bitstream data, the
composition of components being one of a {first struc-
ture in which sequential component data comprises
cach coding tree unit and a second structure in which
same component data comprises coding tree units 1n a
unit of specific regions, the component data being one
of luma data or chroma data;

generating, by the processor, information related to entry
points for respective component data;

generating, by the processor, a prediction sample for a
current chroma block based on an intra prediction
mode:

generating, by the processor, a residual sample for the
current chroma block based on the prediction sample
for the current chroma block; and

generating, by the processor, a second syntax element
indicating whether a cross-component linear model
(CCLM) itra prediction on the current chroma block 1s

disabled or not,
wherein, when the intra prediction mode 1s determined
from a predetermined first prediction mode set, the

CCLM 1ntra prediction 1s disabled,
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when the intra prediction mode 1s determined from a
predetermined second prediction mode set, the CCLM
intra prediction 1s not disabled, and

the second prediction mode set includes intra prediction
modes included 1n the first prediction mode set and the
CCLM i1ntra prediction mode.

10. The method of claim 9, wherein the second syntax
clement 1s transmitted from an encoder 1n a unit of a picture,
a slice, a tile, or a tile group.

11. The method of claim 9, wherein, when the CCLM

intra prediction 1s disabled, the current chroma block 1is
encoded with reference to data of a previously constructed

luma block.
12. The method of claim 9, wherein, when the CCLM

intra prediction 1s disabled, the current chroma block 1is
encoded with reference to a residual signal of a previously
constructed luma block and an 1ntra prediction mode for the
previously constructed luma block.

13. The method of claim 9, wherein the information
related to the entry points comprises a number of the entry
points, and at least one of an oflset or a bitlength indicating
a position of corresponding component data.

14. The method of claim 9, further comprising:

generating, by the processor, a first flag indicating

whether an entropy i1mitialization for the component
data 1s performed or not.

15. The method of claim 14, further comprising:

generating, by the processor, a second flag indicating

whether corresponding component data 1s collected or
not.

16. A non-transitory decoder-readable storage medium for
storing a bitstream generated based on the method of claim

9.
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